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(54) HEAT-RESISTANT PHOSPHORYLASE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new enzyme, a 
heat-resistant phosphorylase derived from Bacillus stearothermophilus, useful 
for antimicrobial agents for medical use, antitumor agents, therapeutic agents 
for cardiopathy, and for producing oglucan and the substrates for synthesizing 
a-glucan. 

SOLUTION: This enzyme is a new heat-resistant phosphorylase having the v.a iar ua in siy l» uil r»< c-„ nr rtr a™ Zv m 
following characteristics: having variation(s) due to the deletion, substitution or a? r, & 

addition of at least one amino acid in the amino acid sequence ranging from the ?,T Irr ?il ln "riii-in: vy- ireH**i» iii- >« at* ei« rh? 
1 st Met to the 798th Met in the sequence table shown by the formula; forming ,5 4 " 

gIucose-1 -phosphate and a-1,4-glucan through acting on starch; optimum 
temperature is 50°C; resistant to heat even at 60°C; and stable at pH6.5-1 1 . 
This enzyme is useful, for antimicrobial agents for medical use, antitumor *rn: «* au i,t arc a»d **** t-m t,.- h*i s.v 

agents (platinum complex), therapeutic agents for cardiopathy (amine salt), and 
for producing glucose-1 -phosphate as a substrate for synthesizing a-glucan. 

This new enzyme is obtained by subjecting the chromosome DNA of Bacillus si« - fcr *< P tie t.-p ei* n, /»- &r 
stearothermophilus TRBE14 strain to PCR using a primer followed by rass ?«c 

expressing the resultant gene. 
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C57) 

U ;i;fS^6gfr^^£-K:}fAU AS 

fiff*. #gf««*tta?e^6o-ci?»ni^!aab. 

•fe'*fll^-C60-Cfei±cDjafirSlC$-ttSC itcJ: o^ft 



(2) 

1 

1 )ISK^tt : a-l^yjU^^S/cJiy^n-X-l- 
l>>® : 

2 )M jliSg : 50"C ; 

3)i««rt4 : 60"C«:48i/>-Cfcll«»ttr*9 ; fcitf 
4 )ph£S14 : pH6. 5~n ; *m-fi>. * 'J 5 — fe? . 
[ M3}91 2 ] E5>M©!E«J#-*t 1 © 1 (£©Met* 6 798 

©*^*'J7— b'. io 
[ It^H 3 ] 1S?'J^©B2J'JS# 1 © 1 {4©Met*P 798 
{£©Met£-C©7 3 y^5?lj*© 1 $7c«-€-*lfeLL©T 

tU:©Jt?£ttfc£tfWfSM±*WTr*. if!#JS 1 tcsBiS© 
[fS*«4] fflfB*** 1 ;?-- fe'*s, ^*;ux x^ 

TP It— 17 -f 7XTRBE14t*&5fe-C£>6. UNcSKCtB 

JS©*x*y^ — fe', 20 
[I**>15 ] f##Jl2 £/cW:3 ©<,>r#T>©JltaB*£ 

^rn^©«KfB*g©*^^ y v— tz„ 

7 ] !S?IJ*©ie?lJ#^ 1 © 1 {i©Met*> 6 798 
{£©Met£-C©T 5 ^MSB^iJ^n- h'-r^E^J^tf^ 

[li^ais] Hiria^x^';-?— te'afe^*^M©iB 30 

?'J#*t4 (Ctat£©DNAlffi?iJ-CA-5 . =7— fe'jse 

[ »3?JS 9 ] ffi3flJ*l©IB5)J#-*f 1 © 1 {4©Nfet#> 6 798 
{4©Met£ X'(DT 2 yKIB?II<£© 1 Sfctt-ttOiLtOT 

*x*y 5— fe'-c*oT. sa^g*#tf#x*y 5— fe' 
^mss4^^*'J7- tf£i3W*fc»«-h 

JM±©Jtffi14*jJ:^iSt^ti5:W-r^*X* y 7— fe'£=i 

[i»#js 1 0 ) ie?'M©iawt2 fcctc;3©^7 40 

■7 - -fefjgfi^F-^tf DMA. 

ci#3}?js 1 1 ] m^m7 ~~ 1 0 ©t,>-rna>©jf kisss 
[mxm 1 2 ] 1 1 fctais©^^ ? * --c^ 
1 2 (cggttdM^inEtMft^*. 

[IS3fcJfl4] l9iaSfe^»i*S^-C&i. 1**^1 50 



1 0 - 1 4580 

2 

2 K:i3$S©fl5ff iK»&£13). 

(WJfcJS 1 5 ] B?!ejSi&£ia#Escherichia coMVib 

*. m*m 1 3 {ci24s©»se«sss^«j. 

[it*3 1 6 ] mmm 1 1 kkhojemeius *ifc» 

1 if 1 7 ] mis^w^ $ ti/cs^yaa^ss-c 

If^i 6iciBig©*a. 
[ W*JS 1 8 ] mmmmk £ tifcflft£tt«s Escheri c 
hia coli-C*-5. \ 6fCfBK©*^. 

1 9 ] 1 6 {ciets©73«(c «t oti 
[it^3i2o] n&mi )i^i/3©t>m^©^K:fB 

tg©*x * y -7 — fe'fcJfiUT a -d/;u* y 
JS-r-5XS4^tp. ^;i/n-x-i_y>®4^X-r-5)* 

ft. 

[M*xR2 1 ] igfc<i;j;W3-^-i-';>i%i 

it^Jll ft^l/SfclBig©***';^-- 

[0 0 0 1 j 

^. c©^x^y "7—&*$m?z%M'<2i'-, c© 
y 7 4B<toT»i^tt©*x* y 7 

— fe?£flH »S - X-l- y 6 CXJC a -tf)VJy > 
©Sit^tcMTS. 
[0002] 

[fiE*©S'(*i] *X*y*~tf<BC.2.4.H)tt. 
^&i*©ffl«). ^^=r®^«tt'©S6«!l. SSS&<b'©^ 

(*). 'C>E)S©?S£^(T5>a). 4>J:0*a;-yJl'*>-& 
fiK©a»i LrWfflT4>-2) 401/3-X-l-y >K( Tc-i- 
PJ <*: 6 Bgf* § n -5 ) ££fi£-r ^JC^ffl Jig^-C * Z> . 
[0003] ^^tc. *X*'j7-b'B, 
«t'©a-^;U*>^Str-5BRK«>Wffl-C*5. 
«. Sl(CIBig©J:^{c. ^i|;'j7-^^3-x 
-l-y h-^>3?*-X^©Sa<!:©jl^«C 

»e>n7ca-^;i/*>«. it*^ 

2 D-x£«i;tot-rS*fBeW©£Ji£©*fl£ OTfi 

[00 04] ^JU3-X_i_i;^K©lSji. *-5C>(ia- 
^;u*>©i?jS(Ctt, *5fe{cJi|ttSS*©*x^ y 9- 

l>CttCJ:S. (Escheri ehia co1i)S*©*X* 

■J?- fe'fc. -?-©jte^^$nri^ci*>e>. ^ 
ace isissnr 



3 

[0005] a-^*>ftixec*st»rxi8WCcBs*4 

tt30 # C"C& , 3 CWeinhuselliSAEnzyme and Microbial Te 
chnoloqy 17, 140-146 (1994)). g»*£*<Z>*** 

ga¥2-23i092), 4sJ:^*^S5«**<D*^^'J^- 
■^^<DJ5Jtt^SSSS^30 - Cr^^>(Nakatanie>. 3. Ap 
p. Biochem. 5 , 371-374 (1983)), & fcJKJC£SSSK<Z> 

r&£(WeinhuselJigMpp. Microbiol, Biotechnol (1 
994) 41, 510-516)o 

[0 00 6] *:<Dtc*b, Sfe*5<fc# a-20U#> 

[ooo7]*fe, #x#y^- j if(DifflS£4*Jfflbr 

^4i«t*5 a-^*>©**kS:l!6±1"5fc»«:6 

[0 00 8] *ct. erc©SJ£Sfi(ctet>-cfc. r£tt 

[0 00 9] *»»(«T, E.coli<t0 5C 

r ttJtiStt<Dffit >ci gpM&s <tsft£*>e>-c&£<fc#;t 

£ftTl>&<Yu?>, J • Biol. Chem. 263, 13706-13711, 
1988). 

[ooio] /<^xiiifflK(c:tei>Tte. ^^wx -y* 

^ ;l/ X (Baci 1 1 us subti 1 i s)#> h G1 qrtSfc? £ * BP tt* 

jae^i* Stir l>£ (Kiel MoT. Microbio 
1. 11.203-218, 1994). COlfifli^J 

id»«e* w©*«{c?»e or t > s t ± #*o e> tree » s 

[0011] ^^;bxjK©attW«c*JC>Tt4»(lft 
tt«aWIME-r*. L^WmiSfcte^T. B2(a)CC* 

[0012] flIAtf* ^^J^ XfTPt-t^ << 9 



(3) «HV 1 0 - 1 4 5 80 
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^ (Baci 1 1 us stearothermophi lus)CU21&CD*§£-&C li % 
*<Z> jfy a-y>*^«3Rjie-f »«*AB»JCC <£oT 
M?ntfc0, «tfil/T^ai»(Kiel6>. DN\ Seq. - 
J. UHA Seq. Map. 4. 1-9, 1993) a *fc/**JUX 
7Pf- J &7 -f ^*1503-4R var.4$t?U:. ^'Ja-y 

MoT. Gen. Genet., 230, 136-144, 1991) 0 £ h 
10 SC. #;UF 'Jf ^^-Ctt^7>f>yx> 

* i RWItc y y ^ — 5r* >£^flBR«fifr?« <h ft < ftt 

y 5 - « aer-^sar 4 £ 5 ms^rs v & z> (Ki ei 

Seq. -3. DNA Seq. Map. 3, 1-9, 1992). 

[0013] *©S6ccTift«:*^*y^— 
U2ittcDW^6^^^>n5J:^tc. ***y9— 

20 >1f-f Aa#tCBf^t4^^CKKie1^>. Seq. -J DNA Se 
q. Map. 3, 1-9, 1992)/ctf> % y ^ — 

[0 0 14] S^tt, ^JilitCfcCi-C, GlgPtt^yn- 
-y>*^fiKT4S?^B{cfe^rfc^^Ji/X -y-^;u^ 

<7)<t 5 ^c*x^ y 9-***r* y y 

[00 15}«oT, WMtt0)4«X#y9*-««tffiKn 

[00 16] 

« : 

(1) wj»tt*^*y-5— tf*=i-Fr*aie^**« 

40 -r^ci; 

(2) jifie3HpI«6«c«3H^^*-«:#AU/cfco% % flk 

o) *mmmtt*tt%mtj:i:<Dtpumzm3LtL-c 
f#6h/cB(«*ai«*6o-cran»«Hir4 c iccj- d x 

so (4) ■MHtt*x*y-5-*t»c^ ^t^ssrsjctv? 



5 

t : tc&s. 

[0017] 

O'CT^O. 60'C{C*Jtr»rfci^tt-C*0, pH6.5~ll© 

[0018] £f£ Ll»3S6*»8Kc:fat»T«. 
?|J## 1 © 1 (S ©Met* 6 798(i©Met£ "C©T 5 S $15 

[0019] ttft Lt^wa^lcctet^-cfi. I^IJ^©SB 

?IJ#-Sf 1 © 1 {4©Met*^798(4(DMet$-C©T 5 ^KI2 
W©1 B&, 

1 1 tt tt*n &c «fc s %m £ W-r £ * x * y ^ — fe* r * -> r . 

[002 0] U»Safc8»K:l3l,*Ttt. wiE*X* 
^T'TCIf'-*'? ■< ^*TRBE14 

[ o o 2 l ] u>38HdNMcist>'rK. rtHfchx 

[002 2] *? < bi»JBkMHc*ik>'t:t*. WfBtbrStt 
^';a-y>*x*V5 ~tz©4>ft < £ fe 9 

[002 3] $fc. ^HfeHJli, i^M©BB5»JS-^l © 
1 ffi©Met^?>798fii©MetX -C'©T 5 > K&?'J£ ^ - K 

[o o 2 4] mtL^m^smi^^xa. *x*y-5 

•5. 

[o o 2 5 ] &s is^mti&micte^xte. i2^M©ia 

?tj§-5f 1 © 1 <4©Met*>6 798&©Met£ T©T 5 ^&S2 

?w©i *7c«-enJi(±©T5 sm<D5&:. mik. $>z 

*y 7— fe?£ISMS£ fc(i-€-*a«±©J:tr£tt*jJ;0'iiHl^tt 

[0026] mt. i/i^isfemtc*5i,»-c«. *ii#£is© 

* * * KE^i2?'J*©IB?U##2 <ktf3 ©7'7 

[00273 s htcimmm. mm*** y 

[ 0 0 2 8 ] *gSI6Bg«, ftgl'*? jr-'CJ&ME 

[0 02 9] itfSL^^fe^tctet^Tti, mzvm.m 

[0030] iff £ LV>£ttdMtf<:iit>?t*. fFl2^^l 



(4) !£Ui¥ 1 0- 1 4 580 
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[0031] 0in.>ms&fmicie^xit. mt&im^. 

^^Escherichia coli'CibS,, 

[oo32]$ £cc*h&$i*. m^&^intcm.'&i 
[0033] s?sbt^«fe^t(t*jurtt. mia^^fe 

10 [0034] i?X bl^^JfeSISICCfc^rl*. BJKJfJWK 
&£tlfc$*E.$5«Escherichia co1iT*£„ 
[ 0 0 3 5 ] *@H^^«. [UK- fffi3ftfc*X*y7 

— tfKwr-5. 

[0036] if Sb^^J&lifcfc^-tW:. 

3nfcW&tt***y7--tftt. ssjaK*5 50 -c-c* 
0. 60"C{c*it,i-r<biW^ttr-s>0. pH6.5~ii©®ffl-c 

[003 7] Xfc*Slffe^«. *M!/>il*fctt^3 
20 -5. 

[0038] s?i ut»3iifessfi|{c*s^r«. *m^© 

*^*y^— 60nM©yJl'rJ-X-l-y >®©ss 

T-CB70'C-C30^JjnML fc^ fc*5jS05ffSf4*^«-r 

[0039] »£Li>syfe.^{c*su-ctt. im«;>k 
iffijraf^st&jiK©fST*iM6nfto. 

[0 04 0] JfSLUWfi^l(C*surti. 
30 ^S. 

[004 1 3 jifSLti^6SM«{c*jcir«. *mm<D 

y 7— b*©t!riei:bt£f4«^:»IS©^ y 3-^*>* 
[0042] *BH^W«. *A:»«ltt*X* y 7 — b'«r 

«^Ta-^*>*«ny>^M-r-5c<!:«:«fco. y 
-l- y >K*SW .tor. it*^ l ft c» o 3 «cseis©* 

40 £fiWjf£tC|i8-f £. 

[004 4] SfXLt»*ffi.^BlCC*j^r«. b5I3*^* 

-jv-t'i, 6o*c<fc»)iS<.^asrj®c;5i+sc£K:<fc»3 

[0 04 5] i?$Ll>fl«feJ&&CC:tet»T« t B5t3a-^ 
[0046] 

50 [004 7] *@l^^{C*J^Tr»^14ej<!:«. £WM 



(S) 

7 

SO'C- 105'C -C . 30*C«TT « « t ^ £' JtSi L/ 

[0 04 8 ] *gs^?a«:fcc>-c. PttflKJitt. £WiS 
g#S^©^S^c&5^^©£<L «F«:g 

[ o o 4 9 ] MIffeasccteOT. r6o*c«:4oi>t:*)ffi^ 
t4^*-5.J<btt. o.im j-*;l/#y X)l>*>m 

(MOPS)©iJgfC?£ (pH7 . O^tT-eOmM© if )\> =3 - X-l- 'J >^ 

S*fFT. 60'Cr3Q*W!!3Lfc<fc£te805ifclt 10 

[0050] ^ia^?g{ctec>rrpH6.5-iicDffiffl-c^ 
-c&zitiz. H5^cfs*so[)-en-e^^<DiSffi^S(50lnM)'^ , 

[0051] *si^^cctet>rr*:^^ 5— fe'rsttj 

lOOmM MDPS(pH7.0), 45nM^3 — ^-l-'J 1 
«w/v)nl?gf4#> hUZ>a-if)\>ti ^W&T&^V. * * * 

•5. 

[0 o 5 2 ] *si^?g{c*5i,>rra-^;u*>j<t« 1 a- 
y a -y 

[0053] *gi^w«. E?U2t©ss?y#-*t i -c^£ft 

<£>7 5 yffil^lj*© 1 £tc\t*rt\y.±.<D7 5 ^©X 

Hfr^^-c. c©^*^tf*^*y 7--fe**^g^r^ 30 
£ ft I * * y 7 - -tf £ * fc »* nw±©st4*si 

-5. *fc^S©3IA©*S*. SE»*d*«cV>*x*U9 

— 1» £ n« $ fc n «±©?stt*j J: vmim&z mom 

So 

[0054] «8UW:J:*£jStt2W>l5Lhtt. Bfi&B 
l-Oitu- >{b*$ <fc cf * a - >{b 3 n/cit{£^-©^«: 
.fcOiifiKSftS. 40 

[0055 ] If&t4©*S*X* !l5HflKW^ 
;1>X ^xTO-tf-*-? -< ^XTRBE14^©7'^>?>y 
AjS{£^©125tJ(Takata?). Appl. Environ. Mi 
crobiol. 60, 3096-3104, 1994)* <!:«:> SSfe{*DNA#> 

6iPCRS(r«Bjax^wffl«5ffliax^-> y -X2 ««»© 

f#e>*at#S„ $6tC. CWDNA^iOO r© 
7,7- TW-^y ■< •7*TOBE14&©&:fe&DtW , j: 50 
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y 7 — fe-jte^F gita 

[0056] fcfc. XfTD1f-t7 O^T 

RBE14ftttI*8ftll£ttgH##FERM P-13916<t Otf 

[0057 ] ?a->{t3tift:S£^©ie?yt2. >n- 
>ibDNA*»AL/ft:Ji«JSc'<d'*-©«S8. £ 

[0058] *iwig(cA.i> 6 n zm^&mica. m 

#1-2. A*. C*UC|R5£S*l&<,>. 
[0059 ] fBR^* ir-Ht. @ffJ©iS&?-#ffc3p*s«J: 

C ra*^F*3f©1SS5!fc «fct>'fflg|^.<*©3HRK: 

©±i^tciEL/tiy-7 ; -<>y7u-Arfe^3tiS. IS 

[0060] Jff*bl»^'<i'3'-iLr«. AMB^J 
-C^^oJtg)tcpTrc99AC7T^-7->7'Sii)i r j:£'* i ^lf6 

[0061] htmm^t *-ft<ow*te&umviK.-& 
ft6tt«n^tf7'at--$-i3- F^tora^srsf 

T «£^^©<gTA^ffi 5 ft £ * ft:« y sK A 
^gBfiitafiRia^a F>i©HP5*Jfi«J-Cftt>tB^3ft 
£"C*-5. Jni©^e«tbr«, MKSS^KiS^fc. 
Bal31. ExoIIUi <t'©x+ V 1/7- tfte Jr-StSfb. 
*4t»ttM13& £'©— *$KDNA$ft:(SPCR«:(sefflL.ft:^{4 

[006 2 ] JS*^* *-*»Aly-C*X*y9— 
S<ife**^tf LftiJfcSMHfcfttc J: SeWiafi^©^* 
«. ^ffl-r^^SS^®l*JJ:iy : ^31'<i'*-rt©^l i S: 

[006 3 ] m^amii. mm^ti^^.&&m^ 
[0064 ] gtttcKRXflt. mm<D®. tmm, w 

y>K. Mrf*. Ca". Fe'\ Fe'\ Zn ? \ 

Co l \ Ni". Na*. K3f<0&&&§llCfoC>-C. 
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[0065] i*&<Di&mm^z>B'gmi#<D&.incm 

25-c~4o'c-co[)issw* ci^ mnmiftom 
m\t , t>w;7- -tr ©£g© rc&&c+7}& a$ra^f s 

7&fTim.m.-e$>*>„ 

(o 06 6 j mmnvya^-z-zmtzmi^zi' 

IE, ^«fefi£^<DliSJ r «c£(cJ;i5^31*5*iiffl)Sti»5„ 09 10 

h f 7 -/ is K (iPrc)£8WlO-f •£> C <t {CJ: D |SS*s&i£<* 
[0 06 7] coDi^KirefWca. mtf^ftia 

cwu*. 

©■#£sas. catgut. itt«»afti'©Ma 20 

Saj&£'©ffi^©i?«©ffl£»©£a:iDfi#£:b1*£ C 
tftWhtiZ. 8-7S7- tf^®a-* r **>*^»W* 

©s sw«©sicc;(cfflc^fi^^„ 

[0 06 8] #KS^©Wf§M4*X* 'J =y — tejlfc?-* 

^^^©^isa-c^^^fcjs^-. *x*y-7~ fe* 30 
«f§nsccfflii{;*ftf#£. fs^{ciE-<€,<t. #x#y7- 

[006 9] ffi3S3ft/cW&t?fe*X* fef€rfflC>-C 

[0 07 01 5l&iga(*40-CJ«±, » * 1/ < «50*C~70 
'C. #CCjff^U<«60'C-C*>*). C©Ci(Cj:»3. Slf 40 

-5. 

[0 07 1 ] jOlo-x-i- *R«y> 

') 9— «fl$13-gs C <fc (Cfc D1fl>ff5. 
[007 2] ^--fe'ti, a-^l/*>©#jl7E 

*4S*> e> y ju* > £flo y >g»fi? a - x -i- y 

&-fS«§£. -5-©4^*#Bg-C®'J>K^D?Sltv*J#± 



«fP¥ 1 0- 1 458 0 
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*©a-l.64£££tfiKLfc®i&6T 5 a-X*5/8<E>tt 

<?±t yju 3 - x -1- y >gf©ais w?B^i[Rm 

[007 3 ] *gI^^©*X*'J5— a-i^U* 

>©#S?©*ft*>t* . £/&{tkm>6;M#& ( , c©P&. 

[0074] SrSiSS«40*CJa±. £F$ L < tt50*C-W0 
•C. mc&& L<tJ60^70'C-C*D. C©C£CtJ:»3> 

[0075] #BSfS93©*X* 'J 7~fe*©«St<t 

ffl?nf#5ffiB«. ^ji7c^£^-rs«^g4KUi© 

[007 6] L--CJgjC$if-51«^ £CS 

a-i7;U*>©^fi«. 0U^.tfTI2©Sl£^<!:S;(i)i 

[0077] 

JSfSS; : nG-l-P + C(S) — nPi + G(5+ n) 
CCT, c-i-rti^a-X-i-'J 5 , CC5)«-V 

^h-^^^^-XCSWS^S^f^**), C(5+n) 
tt£C*T 5 a-X C5+ntt££g£«|-f 
[0078] 5$CO : £j&®<D¥-imG&= > 
mowM/VM-rH h * * a - x©*;u&) + 
5 

a-^;U?7>©^0« v 0!lit«i^?gSo.ajnM©v;l/ f---c> 

H7.o)tfi-c. y;W3-x-i-';>|g(c*x* 5--fe'£fP 
^©ttiSfeiC^t^ 

[007 9] Sf&?S*©pHK:J; 0 . *fctt*x* -7- 

^n-X-l-y >Ki U >©<t©?SKJt*5 1 : 
3 . 6~- 4 . 5©tgfi[l:blC & £ (Fl etteri ck , R . 3 . , Ann . Rev . Bi o 
chem.1980 49, 31-61: $S J:0'Weinhausel6> Enzyme an 
d Microbial Technology 1994 17,140-146). #g|#£HJ§ 

©*x*y5~fe - cc:fccvrfc. c©ikw««±^©j: ^ 
r**. SE-5-c, ^;va-x-i-y>K<b y >Ki©?S 

[0080] 

*ii%B8« c ti 6©^Jfi01K:iis $ tx h i> events. 

[oo8i] cmmm 1 : m*m*z* 9 — 
v>mm. feic/sjmtt^x^y^— tfsiffl^x; k 



11 

f*raif-^e^ ^ vX7RBEi4ft<D:/^>^>^x>if >f 

AjSfeT-OK^JCTakata^), Appl . Environ. Microbiol. 
60, 3096-3104, 1994)4 fc <t CC % ^fe{*DNA#>6 IPCR?£ 

crffliax*si»«*iBWx^'> y -x2««j©pcrwr 
«tr y u a - y >£«j&jk9£?9!* w u r c >z mm ft 

[0 0 8 2] C2)W&tt*X*y 7—fe*ii{£^CD^n- 

>{fc 

KW*DEW*# 1 Cc^L/c^*ie?ijCcS^C^. * y 

~-C(SMS^3 )£r£fi£l/ft:. 20pmolO^^-Yv--N, 
20pmo1cr)^^-Y v— -C 0.2Mfl©^^^^ ^fTDIf 
— *7 ^XTRBE14&&fe# (GENOME DN<\ ISOLATION KI 
TCBI010lttg{)4ffl^'ClSi$) , Ex-Taq DNA^lM^- 

SL S20nraol (Df^+v'N T P SJoffilOO 

Mi^ffi^r^y y^-^'iSilU5JcE(PCR)^:^b/Co pc 

Rfct 94*C. 1 ftm<DlKm<D'&. 9tfC2(#A 53°C1£\ 6 
8'C2^D^^^;U*3CHI^Digb, Sf*CC v 72XT10 

7-^iie^*gtf»2.5kbpCDDNA-7 ^ ^ >h#*@$g 
C<3DDKA^^^> h**9R»*v EcoRI^Pstl 

£-pTrc99A(:7 T-rt/V^T»)©BIWIHS*W»rjS*C» 
iiWRtt#**y-7 — fe'SfeSgffl^XS FpTGP91 

[0 08 3] dU*«2 : lflRtt**#y9- J £<E>r§14 

j£3 tt/c eh t *t£C »J >K*Saheki 64Xfrffi(Ana 

1. Bioehera. 148, 277-281 (1985))rSSt* & C <b(C <*: 
0 , JMTOJcSCCffljeiyfe. lOOmM M0PS(pH7.0X 45rrM 
£Ot> n - X -i- U >m. 1 % (w/v) pftgttT^ ^XDlfllS 
fr6fr*J£j£«(200Ml)£> 40°Cr3O^H«Sb/c^, 
EIS* y yf r >^(100mM BtffiEfS , 15mM * y 



(7) »HPP 1 0- 1 4580 

12 

ft tc r X n ;l/ t' <D10% 7^3;^ >^ 

(pH5))£200M"l?£Ja]U 30"CTl5^^ai//cm, 850 
rw<Dffl^«*SJ£l/fc. 1 #Rfl^ 1 Mmol<?) y 

CO 08 4 ] (H*fe^3 :MRtt***y9~«4>fMH) 

77^^ KpTOTi«r*W-r4*»HTG- 
SS?gl0$ y 'J 9 1 y * hA<0Ligtfft(5O/ig/m 

10 ir>tT2/y >£^t?)£^tf2 y * h^tsn^^^^ 

lnM©try F*^>*8S»1L, §6CC21.5B#K37-C-CiS 
S4^fc. «#*Jt*»IBIftCj: 20rrW Tris-HC 

1CpH7.5)(felT, ««JSA4l^)rgfc?*Otea, RlttMr 

20 (7r^^7»S)tCP- FUr. lOOmM NaCl*^tP3ga! 
?gATgt^L/c 0 MRtt^^l^y 9— SOOtnMNaCl 

[0 085] e>tl^:^iffi{C»iftS300rnM5ca S cfc 5 
tC, aWr^^^AftiJSJDLfca. 300mf«£MT>^ 

#^Aa0SChM)CCa— FLfc. 150ntf^£^T — ^ a 

«r*««««Artt»ofc«, WRSAriMfctt*^* 
y^--tf*»fflbfc. cn*. «««ArjqmBifcUfcso 

urcel5Q*^AC^r^v^TK)«:a- FU, «iB?&A 
30 *<DNaCligS*100n#*E>>e> 50QrM&CfEjb3-&* C t «fc o 

[0 086] »6tifcHBR«Kil*j«K300n*«cttSa:5 

A^^O^SSffiA T^jt U/cResourcePhe^ 5 A 

tt# ^* y 5 - -tf *«a***r c <t cc J: o sta l/c 0 

7.0)«MWS*»J(«IU, «WBBR*±Ofc. f»SS««so 

s*U7> y ^7 ^ h yji/««Mc«rc*— ^ > f 

40 /c(03)o 

[0 08 7] (Mmm4 : WRtt*^*y^-^©itiS 
14) UMiff 3 rfiiSat L fcWfRtt* ^ * y ^ - WBl » 

-V>^^AS)CCgJftL-CS9SUAlia^«:«3.45^^ 

*^*y ^— ^<Dtt?SMC0.1S^-^ h/mpv Yue>, J. 
Biol. Chem. 263,13706-13711, 198g)(Clt^& <tifa9 - 
50 18fg-C*^/c. 



(8) 

13 

[0 0 8 8 ] C^Sfe^S : W*Mt*** ^— tf«H«) 
*B3R©5J£SapHW6.5-7r*0 (04), pH6.5~rL 

©«5HT*?c£t?*ofc(Bi5). s/c si&saastt 50 

{tSft/Co 60rrf^ £01/ ^ >^#fiT 

■Ctt 70°C . wftT&OMMk i>$) 50%<Dr£t4#g|# b/c e 

[0 08 9 ] : ^Ua-^-l-'J >^(D£jg)5 

•5A««iS(pH7.0)KCj|SBO, »B*?S*"C2Q»IH1IP» 

-i-y>B!*ffi«ofco *;i>:3-*-i-y 

WeinhuselI§$lAEnzvme and Microbial Technology 17, 
140-146 (1994) CClB^$ta€>S*W*ffi^*@W^Cfie 20 

[0 09 0] 80ul<Dy>y m MC80ul<D 1 M Tris-HCl(p 
H7), 50HW MqC"l 2 £640M 1CD^37K£^fal/fco Cft 
tC. 400M l^Uiffl^S«(10rTM Tris-HCl (pH7 X 1- 
8Mmol/m1 N*D+, 30nmol/ml SOlO— X-l, ? 

^-y>#-V>/W AttSJ), 6J.^*;> r/ml 
y;Un-X-6-^X^ rf'fc: Kny^--fe*(Leuconos 
toe mesenteroides**, *<— 'J V>vW Aft: 

i$))£&sJjDU 37Tr305MH«fil/fc8L 340nmCD®3£ 30 

[0 09 1 ] SJ62RWB«*r. RtttDKft 

{C^Jl/3~*-l-y>ll#*«jnU S^WCCi4mM«:^b 
fc(B8). C<D<h*©7 r >-/>^^^45.3%"C&-o 

J8U a-l,6-y^a^Fje^CD4^^W^J®c^ 

[0 09 2 ] d6tfc«7 : T ^ a ~*CD^)||lfe0!!3 r 
«*JbfcBf*14*X*y 7--fe'<b^tSJS250mM, */c«4 40 

|S«iar^^i>K«^(pH7.0)*rtTl\ BfStr&K 
«0.85iX^ r/mVC£>9. ^?jg^(D0.1nWCDV;l/ h-^> 

:/y>^U 100"Ct?5»Pa»n»U/ca«:. ||ya<DSahek 



1 0- 1 4 58 0 

14 

T<DSjS^%SC(l)i%fflC^Ci 

[0 09 3 ] 

J^JSS : nG-l-P + G(5) — nPi 4- G(5+ n) 

CCt, C-l-rti^l/3-^-l-';>^7?«>0. G(5)te*^ 

;V r £ 7. (5tJfi^g^^-r )T ^> *) % G(5+ n) 

[009 4 ] SCCD : ^fi£^0¥*&fi^S= (£C & V > 

5 

Kj£<D*IB$*Bft*ig 9 ocs<-r. eo'cr fcS&SRB+^ccs 

JSiSTg^y^ffiia^a^ h V^V ^-(Superose6+Supe 
rdex30(Pharniacia$?, lonX30cm), ^Hi^l50rnM NaCl, 

4j<fctf £Ot/:3 — * ifig # 400rrMCD^ % M^Kl96<DT 5 

[0095] cmi&ma : mmr zu-zzmmtis 
tt*^*y^--tf*«T<DBaBi«*riSiBi/fc. JSt&iR 

0.25* fc»2Sfit3!)SISfi7 5 U-^ (t* 7 >f f 
*#Ct*)SS{ AmyloseA C¥*MMSl8), :3->*£-^<D 
a-l,6^^«J»TLr^U/cS5{n a a ), 0.9MV>^V 
9A. HMltt^^y 9— fef0.04i— 9 h/ml(pH7.0)^r 
^/c 0 C<DK£3££60'a 65"C*/C«70*C-C18^HI^ 

si^s, »aa[o-dwe<ttesj:^«c*iwb^hy^ 
[0096] *fc»jHS»tLr, -5-y-^rt^^^y 

ltc^r. *^*y 9— tfCCj:4Jwy 

[0097] saostiBMitKaBsnjft 
«03^yji/3-x-i-y>KO)R*3^itt<*©ffitt. 60 

'C, 65*C4cJ<fciy : 70'CtCfcCir615C'-689a!*o/c(^l)o 
[0098 ] 



(9) 1 0 - 1 4580 

15 16 



gggg Mag ggftg c-i-pfl g-ipik^ 
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0.O4 
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40 


0.4 


0.2 


6. 33 


51 






40 


0.4 
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67.1 


54 






60 


0. 04 


0.2 


8.31 


67 






60 


0.04 
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63.9 


68 


5--* 




65 


. 0.04 


0.2 


7. 80 


63 


Wfctt*;x*iJ^— if 




65 


0.04.; 


2 


79.0 


64 






70 


0.04 


0.2 


7.50 


61 






70 


0.04 


2 


79.2 


64 



[009 9] 



* [oioo] se>tc*««jifi^**i«ia£*<D*a» 
^t?t# 6n/cS^ffi®*6o o cr'jn^a-r^>c iicj: 

[0101] 

20 

[0102] 

imm^ i ] 

te^JCDSS : 798 



Mat Phe Thr Asp Lys Clu Thr Phe Lys Gin Ala Phe Leu He Arq Leu 
1*5 10 15 

Clu Thr Leu Cys Gly Lys Gin Phe Glu Glu Ser Thr Thr Arq Asp His 

20 25 30 

Tyr Tyr Val Leu Gly His Met Val Arq Glu His lie Ser Arq His Trp 

35 40 45 

He Ala Thr Asn Glu Arq Asn Arq Ala Gin Lys Arq Lys Gin Val Tyr 

50 55 60 

Tyr Leu Ser lie Glu ft>e Leu Leu Gly Arq Leu Leu Gly Ser Asn Leu 
65 70 75 80 

Leu Asn Leu Gly Val Arq Gin Val Val Glu Clu Gly Leu Arq Asp Leu 

85 90 95 

Gly lie Arq Leu Glu Asp Val Glu Glu Ser Clu Ala Asp Ala Gly Leu 

100 105 HO 

Gly Asn Gly Gly Leu Gly Arq Leu Ala Ala Cys Phe Leu Asp Ser Leu 

115 120 125 

Ala Thr Leu Asn Leu Pro Cly His Gly His Cly lie Arq Tyr Lys His 

130 135 140 

Gly Leu Phe Asp Gin Lys lie Val Asp Gly Tyr Gin Val Clu Leu Pro 
145 150 155 160 

Gin Gin Trp Leu Arq His Gly Asn Val Trp Glu He Arq Lys Glu Clu 
165 170 175 



(10) 



*5gfl¥ 1 0 - 1 4 5 8 0 



17 



18 



Leu Ala Val Glu Val Asn Phe Trp Gly Lys Val Glu Val Tyr Glu Gin 

180 185 190 

Asn Gly Cys Leu Val Phe Arg His lie Asp Ser Lys Lys Val Met Ala 

195 200 205 

Val Pro Tyr Asp Met Pro Val lie Gly Tyr Gly Thr Asn Thr Val Asn 

210 215 220 

Thr Leu Arg Leu Trp Asn Ala Glu Pro Ala Lys Thr Phe Pro Leu His 
225 230 235 240 

Lys Asp Val Met Gin Tyr Lys Arg Glu Thr Glu Ala He Ser Glu Phe 

245 250 255 

Leu Tyr Pro Asp Asp Ala His Asp Glu Gly Lys He Leu Arq Leu Lys 

260 265 270 

Gin Gin Tyr Phe Leu Val Ala Ala Ser Leu Gly Ser He Val Arq Ala 

275 280 285 

His Arq Leu Gin His Gly Asn Leu His Gin Leu His Glu Tyr Val Ala 

290 295 300 

He His Val Asn Asp Thr His Pro Val Leu Ala lie Pro Glu Leu Met 
305 310 315 320 

Arq He Leu Leu Asp Glu Glu Gly Met Ser Trp Glu Glu Ala Trp His 

325 330 335 

He Thr Thr His Thr He Ala Tyr Thr Asn His Thr Thr Leu Ser Glu 

340 345 350 

Arq Leu Arq Met Ala He His Leu Phe Gin Pro Leu Leu Pro Arq He 

355 360 365 

Tyr Met lie Val Glu Glu He Asn Glu Arq Phe Cys Arq Glu Leu Trp 

370 375 380 

Glu Arq Tyr Pro Gly Asp Trp Gly Arq lie Clu Gin Met Ala He He 
385 390 395 400 

Ala His Gly Val Val Lys Met Ala His Leu Ala He Ala Gly Ser His 

405 410 415 

Ser Val Asn Gly Val Ala Lys Leu His Thr Glu He Leu Lys Gin Arq 

420 425 430 

Glu Met Arq Leu Phe Tyr Glu Trp Ala Pro His Lys Phe Asn Asn Lys 

435 440 445 

Thr Asn Gly Val Thr His Arq Arg Trp Leu Leu Lys Ala Asn Pro Glu 

450 455 460 

Leu Ser Ala Leu He Thr Asp Thr Thr Gly Ser Arq Trp He His Glu 
465 470 475 480 

Pro Glu Thr Leu He Glu Leu Lys Pro His Ala Ser Asp Pro Ala Fhe 

485 490 495 

Gin Gin Ala Leu Ser Ala Val Lys Gin Gin Arq Lys Gly Lys Leu Ala 

500 505 510 

Ala Arq He Tyr Glu Lys Thr Gly He Arq Val Asp Glu Ser Ser He 

515 520 525 

Phe Asp Val Gin Val Lys Arq Leu His Ala Tyr Lys Arq Gin Leu Leu 

530 535 540 

Asn Val Leu His He Met Tyr Leu Tyr Asn Arq Leu Lys Glu Asp Pro 
545 550 555 560 

His Phe Ser He Tyr Pro Arq Thr Phe He Phe Gly Ala Lys Ala Ser 



565 



570 



575 



(11) 1 0 - 1 4 5 8 0 

13 20 
Pro Gly Tyr Tyr Tyr Ala Lys Arq lie He Lys Leu lie His Ser Val 

580 585 590 

Ala Asp Lys Val Asn Asn Asp Lys Gin Thr Asn Glu Gin Leu Lys Val 

595 600 605 

lie Phe Leu Glu Asn Tyr Arq Val Ser Leu Ala Glu Glu He Phe Pro 

610 615 620 

Ala Ala Asp Val Ser Glu Gin lie Ser Thr Ala Ser He Glu Ala Ser 
625 630 635 640 

Gly Thr Gly Asn Met Lys Phe Met Met Asn ay Ala Leu Thr Leu Gly 

645 650 655 

Thr Leu Asp Gly Ala Asn Val Glu lie Ala Glu Ala Val Gly Lys Glu 

660 665 670 

Asn Met Phe Leu Phe Gly Leu Thr Ala Glu Glu Val Leu Asn Tyr Tyr 

675 680 685 

Glu His Gly Gly Tyr Arq Ala His Glu Tyr Tyr ttis His Asp Lys Arq 

690 695 700 

He Lys Gin Val Val Asp Gin Leu Val Asn Gly Phe Ftie Pro Asp Val 
705 710 715 720 

Ala Asp Tyr Phe Glu Pro lie Tyr Asp Ser Leu Leu Thr Gin Asn Asp 

725 730 735 

Glu Tyr Phe Val Leu Arq Asp Phe Ala Ala Tyr Thr Glu Ala His Glu 

740 745 750 

Arq Val Glu Ala Ala Tyr Arq Asp Pro Ala Arq Trp Trp Tyr Met Ser 

755 760 765 

Ala Val Asn lie Ala His Ser Gly Tyr Phe Ala Ser Asp Arq Thr He 

770 775 780 

Ala Glu Tyr Ala Val Asp He Trp Gly lie Ser Pro Ser Met 
785 790 795 798 

[0103] *m<D&:-*m 
[ews#2] 30 hxuv-im&st 

12?iJcDfi$ : 2 9 i3*J<D»H : ffi©««(£fi)cDNA) 



OTGAATTCA CAAGCCT ATG AACAGCTGA 29 

[0 10 4] *tt<D»:-*fft 

[i2?JS-^3 ] : mm 

lE^JOSS : 2 9 EZPkomm : ffeOSKC^DNA) 

mmm : mt * 

OTCTGCAGA CTTCTTGACT GGTGCGCAA 29 

[0 105] ★ rtfu^-rfiifW* 
immm] EflW»SI: Gen om i c DNA 

ie?IJCDS$ : 2580 @® 

: -MR ★ «« : TRBE14 

em 

GTTGGCGTCG GTCGGCAAAC CAATATAAAC AAGCGTATGA AGAGCTGATC AAAAAGGAGG 60 
AXACACGC TTG TTG ACG GAT AAA GAA AGG TTT AAA CAC GCC TTT TTG ATA 111 

M=t Phe Thr Asp Lys Glu Thr Phe Lys Gin Ala Phe Leu He 

1 5 10 



(12) 1 0- 1 4 58 0 

21 22 
CGG OT GAA ACG TTG TGC COC AAA CAC TTC GAG GAG TCC ACC ACC GGC 159 
Arq Leu Glu Thr Leu Cys Gly Lys Gin Phe Clu Glu Ser Thr Thr Arq 
15 20 25 30 

GAG CAT TAT TAT GTG CTT GGT CAT ATG GTA OCT GAA CAT ATT ADC OGC 207 
Asp His Tyr Tyr Val Leu Gly His Met Val Arq Glu His He Ser Arq 

35 40 45 

CAT TGG ATC GCC ACG AAT GAG CGC AAT CGG GCG CAA AAG CGG AAG CAA 255 
His Trp He Ala Thr Asn Glu Arq Asn Arq Ala Gin Lys Arq Lys Gin 

50 55 60 

GTG TAT TAT TTG TCG ATC GAG TTT TTA TTG GGC CGG TTG CTC GGC AGC 303 
Val Tyr Tyr Leu Ser He Glu Phe Leu Leu Gly Arq Leu Leu Gly Ser 

65 70 75 

AAC TTA TTA AAC CTT GGT CTC CGT CAC CTC GTT GAA GAG GGG CTT GGC 351 
Asn Leu Leu Asn Leu Gly Val Arq Gin Val Val Glu Glu Gly Leu Arq 

80 85 90 

GAT CTC GGC ATT CGT CTT GAA GAT GTC GAG GAG AGC GAG GCG GAT GCC 399 
Asp Leu Gly He Arq Leu Glu Asp Val Glu Glu Ser Glu Ala Asp Ala 
95 100 105 HO 

GGG CTT GGC AAC GGC GGA CTC GGG CGG CTC GCC GCC TCT TTT CTC GAT 447 
Gly Leu Gly Asn Gly Gly Leu Gly Arq Leu Ala Ala Cys Phe Leu Asp 

115 120 125 

TCG CTC GCG ACG TTG AAT TTG CCG GGC CAT GGC CAT GGC ATC CGC TAT 495 
Ser Leu Ala Thr Leu Asn Leu Pro Gly His Gly His Gly He Arq Tyr 

130 135 140 

AAA CAC GGG CTG TTT GAC CAA AAG ATC GTC GAT GGC TAT CAA GTC GAG 543 
Lys His Gly Leu Phe Asp Gin Lys He Val Asp Gly Tyr Gin Val Clu 

145 150 155 

CTG CCT CAG CAA TGG CTG CGC CAC GGA AAC GTT TGG GAA ATA CGA AAA 591 
Leu Pro Gin Gin Trp Leu Arq His Gly Asn Val Trp Clu He Arq Lys 

160 165 170 

GAG CAC CTG GCT GTC GAG GTC AAT TTT TGG GGG AAG GTT GAG CTG TAC 639 
Glu Glu Leu Ala Val Glu Val Asn Phe Trp Gly Lys Val Glu Val Tyr 
175 180 185 190 

GAA CAA AAC GGG TGC CTC GTC TTC CGC CAT ATC GAC AGC AAA AAA GTG 687 
Glu Gin Asn Gly Cys Leu Val Phe Arq His lie Asp Ser Lys Lys Val 

195 200 205 

ATG GCG GTG CCA TAC CAC ATG CCC GTG ATC CGC TAC GGG ACG AAC ACG 735 
Met Ala Val Pro Tyr Asp Met Pro Val He Gly Tyr Gly Thr Asn Thr 

210 215 220 

GTC AAT ACG CTG CGG CTT TGG AAC GCG GAG GCG GCC AAA ACG TTC CCG 783 
Val Asn Thr Leu Arq Leu Trp Asn Ala Glu Pro Ala Lys Thr Phe Pro 

225 230 235 

CTT CAT AAG GAT GTC ATG CAA TAC AAG CGG CAC ACA GAA GGA ATT TCC 831 
Leu His Lys Asp Val Met Gin Tyr Lys Arq Glu Thr Glu Ala He Ser 

240 245 250 

GAA TTT TTA TAC CCG GAT GAT GCG CAT GAC GAA GGG AAA ATT TTG OGC 879 
Glu Phe Leu Tyr Pro Asp Asp Ala His Asp Glu Gly Lys He Leu Arq 
255 260 265 270 

TTG AAG CAG CAA TAT TTT CTC GTG GCC GCC AGC CTT GGC AGC ATC GTG 927 
Leu Lys Gin Gin Tyr Phe Leu Val Ala Ala Ser Leu Gly Ser He Val 



(13) 1 0 - 1 4 5 80 

23 24 
275 280 285 

CGC GCC CAT CGC CTT CAG CAC CCG AAC CTA OK CAG CTT CAT GAA TAT 975 
Arq Ala His Arq Leu Gin His Gly Asn Leu His Gin Leu His Glu Tyr 

290 295 300 

GTC GCC ATT CAT CTA AAC CAC ACT CAT CCG CTG TTG GCG ATT CCG GAA 1023 
Val Ala lie His Val Asn Asp Thr His Pro Val Leu Ala He Pro Glu 

305 310 315 

CTA ATG CGC ATT TTG CTC GAT GAG GAA GGC ATG ACT TGG GAA GAA GCG 1071 
Leu Met Arq lie Leu Leu Asp Glu Glu Gly Met Ser Trp Glu Glu Ala 

320 325 330 

TGG CAC ATT ACG ACC CAT ACG ATC GCT TAG ACA AAC CAT ACG ACG TTA 1119 
Trp His lie Thr Thr His Thr He Ala Tyr Thr Asn His Thr Thr Leu 
335 340 345 350 

TCC GAG CGC TTG AGA ATG GCG ATT CAT TTA TTT CAG CCG CTC TTG GCG 1167 
Ser Glu Arq Leu Arq Met Ala lie His Leu Phe Gin Pro Leu Leu Pro 

355 360 365 

CGC ATT TAT ATG ATC GTC CAC GAA ATT AAC GAA CGA TTT TGC CGT GAG 1215 
Arq lie Tyr Met He Val Glu Glu He Asn Glu Arq Phe Cys Arq Glu 

370 375 380 

CTA TGG GAA CGC TAC CCC GGC GAT TGG GGG CGG ATT GAA CAA ATG GCC 1263 
Leu Trp Glu Arq Tyr Pro Gly Asp Trp Gly Arq lie Glu Gin Met Ala 

385 390 395 

ATT ATC GCC CAT GGC CTG CTG AAA ATG GCG CAT TTG GCC ATC GCC GGC 1311 
He He Ala His Gly Val Val Lys Met Ala His Leu Ala He Ala Gly 

400 405 410 

AGC CAT ACC GTC AAC GGA CTG GCG AAG CTG CAT ACA GAA ATT TTG AAA 1359 
Ser His Ser Val Asn Gly Val Ala Lys Leu His Thr Glu He Leu Lys 
415 420 425 430 

CAG CGG GAA ATG CGC TTG TTT TAC GAA TGG GCG CCG CAC AAG TTT AAC 1407 
Gin Arq Glu Met Arq Leu Phe Tyr Glu Trp Ala Pro His Lys Phe Asn 

435 440 445 

AAT AAA ACG AAC GGG CTG ACG CAT CGA CGT TGG CTC TTA AAA GCG AAC 1455 
Asn Lys Thr Asn Gly Val Thr His Arq Arq Trp Leu Leu Lys Ala Asn 

450 455 460 

CCC GAG CTG TCC GCG TTG ATT ACC GAC ACG ACC GGT TCG CGC TGG ATT 1503 
Pro Glu Leu Ser Ala Leu He Thr Asp Thr Thr Gly Ser Arq Trp He 

465 470 475 

CAC GAG CCG GAA ACA CTG ATC GAG CTG AAA CCG CAT GCC TCC GAT GCG 1551 
His Glu Pro Glu Thr Leu He Glu Leu Lys Pro His Ala Ser Asp Pro 

480 485 490 

GCG TTC CAG CAG GCG CTT TCG GCC CTT AAG CAG CAC CGC AAA GGC AAG 1699 
Ala Phe Gin Gin Ala Leu Ser Ala Val Lys Gin Gin Arq Lys Gly Lys 
495 500 505 510 

CTC GCT GCC CGC ATT TAT GAA AAG ACC GGG ATC CGT CTT GAT GAG TCG 1647 
Leu Ala Ala Arq He Tyr Glu Lys Thr Gly He Arq Val Asp Glu Ser 

515 520 525 

TCC ATC TTT GAT CTG CAA CTG AAC CGG CTG CAC GCC TAC AAA CGA CAG 1695 
Ser He Phe Asp Val Gin Val Lys Arq Leu His Ala Tyr Lys Arq Gin 

530 535 540 

CTG TTG AAT CTA CTG CAC ATT ATG TAT CTA TAC AAT CGT CTA AAA GAA 1743 



(14) ftmW- 1 0- 1 4580 

25 26 
Leu Leu Asn Val Leu His He Met Tyr Leu Tyr Asn Arq Leu Lys Glu 

545 550 555 

GAC CCG CAC TTC TCG ATT TAC CCA CGC ACC TTC ATC TTC CGA GCG AAA 1791 
Asp Pro His Phe Ser lie Tyr Pro Arq Thr Fhe He Phe Cly Ala Lys 

560 565 570 

GCG TCG CCT GGC TAC TAT TAC GCC AAG CGA ATC ATT AAG CTG ATT CAT 1839 
Ala Ser Pro Gly Tyr Tyr Tyr Ala Lys Arq lie He Lys Leu lie His 
575 580 585 590 

TCG GTT GCC GAT AAG GTG AAC AAT GAC AAA CAG ACG AAC GAG CAG CTC 1887 
Ser Val Ala Asp Lys Val Asn Asn Asp Lys Cln Thr Asn Glu Gin Leu 

595 600 605 

AAA GTC ATT TTT TTA GAA AAC TAT CGC GTG TCG CTT GCC GAG GAA ATT 1935 
Lys Val He Phe Leu Glu Asn Tyr Arq Val Ser Leu Ala Glu Glu lie 

610 615 620 

TTC CCG GCT GCT GAT CTG AGC GAA CAA ATT TCA ACC GOG AGC ATA GAG 1983 
Phe Pro Ala Ala Asp Val Ser Glu Gin lie Ser Thr Ala Ser lie Glu 

625 630 635 

GCG TCC GGG ACG GGC AAC ATG AAA TTT ATG ATG AAC GGG GCG CTC ACG 2031 
Ala Ser Gly Thr Gly Asn Met Lys Phe Met Met Asn Gly Ala Leu Thr 
640 645 650 

CTC GGA ACG CTC GAT GGA GCG AAC GTC GAA ATC GCT GAA GCG GTC GGA 2079 

Leu Gly Thr Leu Asp Gly Ala Asn Val Glu He Ala Glu Ala Val Gly 

655 660 665 670 

AAA GAA AAT ATG TTT TTG TTC GGC CTG ACC GCC GAA GAA GTG CTG AAC 2127 

Lys Glu Asn Met Phe Leu Phe Gly Leu Thr Ala Glu Glu Val Leu Asn 

675 680 685 

TAC TAC GAA CAC GGC GGT TAC CGG GCG CAT GAA TAT TAC CAC CAC GAC 2175 
Tyr Tyr Glu His Gly Gly Tyr Arq Ala His Glu Tyr Tyr His His Asp 

690 695 700 

AAA CGG ATT AAA CAA GTG GTC GAT CAA CTT GTG AAC GGC TTT TTC CCT 2223 
Lys Arq lie Lys Gin Val Val Asp Gin Leu Val Asn Gly Phe Phe Pro 

705 710 715 

GAT GTT GCT GAT TAC TTT GAG CCG ATT TAC GAC TOC TTG CTG ACG CAA 2271 
Asp Val Ala Asp Tyr Phe Glu Pro He Tyr Asp Ser Leu Leu Thr Gin 

720 725 730 

AAC CAC GAA TAT TTC GTT CTG CGC GAC TTT GCC GCT TAT ACC GAA GCG 2319 , 
Asn Asp Glu Tyr Phe Val Leu Arq Asp Phe Ala Ala Tyr Thr Glu Ala 
735 740 74 5 750 

CAT GAG CGG GTG GAG GCC GCT TAC CGC GAC CCG GGA CGC TGG TGG TAT 2367 
His Glu Arq Val Glu Ala Ala Tyr Arq Asp Pro Ala Arq Trp Trp Tyr 

755 760 765 

ATG AGC GCG GTC AAC ATC GCG CAC TCC GGC TAC TTT GGA AGC GAC GGG 2415 
Met Ser Ala Val Asn lie Ala His Ser Gly Tyr Phe Ala Ser Asp Arq 

770 775 780 

ACG ATC GCC GAG TAC GCC GTC GAT ATT TGG GCC ATT TCA CCA TCC ATG 2463 
Thr lie Ala Glu Tyr Ala Val Asp He Trp Gly He Ser Pro Ser Met 

785 790 795 798 

TGAGGCAAAA GCAAAATCAA GGGCGGTTGC GCACCACTCA AGAAGTTTGC TGAATCACGG 2523 
TTGCTGACCT TGATTGGGCG GCAACGGCAT GAACAGAAAA GAGACGTTCT GAACCAA 2580 

[Bffi©IBMi«cBWn 50 [Ml ] tf*ffll>fcd-P<D£lB& tecfcO' 
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(15) WHJ¥ 1 0- 1 4 58 0 
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SC GO 
Timptratnra (^C) 
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(16) 



»HPF 1 0 - 1 4 5 8 0 
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